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Claims 



1. Device for determining the position for a working part of a tool on a working 
machine with a position-determining apparatus (l,4,5a,5b,6;l,4a,4b,5a,5b,6; 
31,33; 49,50,51, r,p) comprisi^^t least one detector equipment (4,5a,5b,6; 
4a,4b,5a,5b,6; 31,49,50,51,53) placed at a designated place on the working 
machine (3;52) in order to determine the position^4^^^^aceJn_a fixed coordi- 
nate system, and wth at least one position relationship device (1 1) in order to a 



determine the positional relationship of the working part relative to the detector 



/ 



equipment in a machine-based coordinate system, and a,calculating~device (20) 
which with signals' firom theposition-determining apparatus and the positional 
relationship device calculates uie position of the working part in the fixed coordi- 



/ 



that the position-determining apparatus comprises 



i-measuring device (5a,5b,20;4a,4b,20;31,20;51,20) 



nate system, chara'ctei 
^aa^nclin^ion^ anc ori^^^ 

so that the apparatiis pistantaneously measures both the position as well as the 
orientation of saidiplace on the working machine in the fixed coordiaate system, 
and that the cal culating device (20) converts the measuring result from the 
position-determining apparatus and the positional relationship device in order to 




give the instantaneous position|and/or Orientation of the working part in the fixed 
coordinate system. 



2. Device according to Claim 1, characterized in that the position-determining 
apparatus comprises at least one detector unit (4), fixedly placed on the working 
machine, and a nLrth-seeking unit (5b)f^^^S^ north-seeking gyroscope or an 
electronically res dable compass, for instantaneous sensing of the direction of the 
working machine in relation to north. 



3. Device where the position-determining apparatus comprises a stationary 
measuring statioi (1 ;1 ') placed in the vicinity of the workmg machine for 
determining the position in cooperation with the detector device, in accordance 
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with Claim 1, characterized in that the position- and orientation-determining 
apparatus comprises4ith^at least two detector units (4a,4b) arranged in fixed 



positions relative to the working machine, which in cooperation with the 
stationary station give positions fixed in space for their placements and the 
mutually measured positions of which give the orientation in space for the part of 
the working machine where they are placed, or at least one movable detector unit 
(33;50) movable between positions with detemiinable positions in relation to the 
working machine. / 




Device according to Claim 3, characterized in that thepositi^j^etector unit 
(33;50)J s^rotatable aroimd^ ^^axis(32) placed at a distance therefi*om in relation 
to the working machine, whereby measurement towards the position detector unit 
is indicated whenitjeaches detenmned angular positions around the axis in 
relation to the working machine, j 

I 

K Device according to Claim 1, cha^actel^d by at least one rotatably moimted 
and controllable optical unit (26^28,33)^aced on the working machine, which 
optical unit ^jgQsitsglfto w^ds thpstadonaiy measuring station with the help of 
either the measuring beam of the/stationary station or a beam parallel with this 
beam or a beam transmitted from the optical unit and reflected in a prism in the 
stationary station, wh^eby the orientation of the optical imit relative to the 
working machine is indicated and transmitted to the calculating unit (20) for 
determination of the orientation of the working machine in the fixed coordinate 



system. 




Y, Device according to of the picviuus tlaliiis , characterized in that each 
/ 

position detector umt is at least one radio navigation antenna (50,53) with 



receiver, i 




i 



WO 99/28565 PCT/S£98A)2167 

23 

^ Device according to any of Claimfl 1 5 , characterized in that the position- 
determining apparatus comprises a geodesic instrument (1 ;!') with target-seeking 
function, placed at a distance from the working machine (3) and measuring 
against at least one targe^^e^gT^ reflector, on the working machine. 

Device according to Claim 7, characterized in that each target (4a,4b) is 
provided with an alignment indicator (12,13), which giyes alignment indications 




for the geodesic instrument concerning the target towards whicl ^its i nstantaneous 

target-seeking is to be made and for measuring towards this target. 

/ 

/ 

9. Device according to an}^ of the pro^fioufi olaimc , characterized in that the calcu- 
lating device (20) is provided with a stored map with the desired topography of 
an area which^^tod^Seated? and calculated data for the working part for 
position and angular positions relative to the map are presented on a presentation 
imit (9) (Fig, 8). 

Device according to ^y of th£ ^r ^\ri o us rl n i mn, characterized in that the 
position- and orientation-detdmiBiiig apparatus comprises partly a relatively 
slow, accurate determining d|vicei(l,4;l,4a,4b;53,50,51), which at time intervals 

accurately measures the actual petition and orientation of the machine, and partly 

/ 

a relatively slow fast determiiung device (ACC;ACC1,ACC2;6), which reacts on 

position and/or orientation differences to earher determination or determinations 

/ 

m order to calciilate and update the determination between the said time intervals. 




. Device according to Claim 10, characterized in that the relatively fast 
determining device comprises at least one accelerometer device (6;ACC1; 
ACC 1 ,ACC2) on the maclune for measuring the acceleration of the machine in at 
least one direction, preferably in several mutually different directions, whereby 
the calculating unit (20) integrates the in^^^dacceler^on(s).and updates the 
latest calculation result of the position in the fixed coordinate system. 



la^ 
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12. Device according to Claim 10, characterized in that the relatively fast 
determining device comprises at least one rotation-indicating device (6) for 
rotation around at least one axis of the machine. 

K/^ 5 13. Device according to ^my nf tii^ prwir^nc riaigi»g characterized in that the 
calculating imit (20) vises earlier calculation results to calculate the probable 
position, orientation, direction of work and speed a certain time in advance for 
the working part of the working machine. 




10 // 14./Method for determinmg the position for a working part of a tool on a working 



/ 



machine, whereby the position of the working machine is determined in at least 




^ , one defined place on the working machine iii^aL^ed coordinate system, at the 

== same time as the positional relationship relative to the defined position is 

1^ determined in a machine-based coordinate system, and the position of the 

li 15 worldng part is calculated in the fixed^oordjMte system, characterized by 

Q measuring instantaneously both the positi!^j>id the orientation of said position 

!;2 on the working machine in the fixed coordinate system, and calculating of the 

instantaneous position and/or orientation in the fixed coordinate system with the 
help of the result of the instantaneous measurement. 
20 ^ I 

l^Method according to Claim 14, characterized by fixed placement on the 
working machine of at least one detector unit (4) and a north-seeking unit (5b), 
su ch as^a north-seeking^gyroscope or an electronically readable compass for 
instantaneous sensing^of the direction of the working machine in relation to north. 



16. Method, where the position-determination takes place with the help of a 

/ 

stationary measuring station (1 ;r) placed in the vicinity of the working machine 

/ 

for determining the position in cooperation with the detector device, according to 
Claim 14, characterized in that the position- and orientation-determination takes 



30 place either against at least two detector xmits (4a,4b) placed in fixed positions 
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relative to the working machine which in cooperation with the stationary station 
gives positions fixed in space for their positions and the mutually measured 
positions of which give the orientation in space for the part of the working 
machine where they areplaced, or against at least one movable position detector 
unit (33;50), whichjcanjiove between positions vsdth defined positions in relation 
to the working machine. 

/ 

/ 

Method according to Claim 16, characterized by rotation of the position 
detector imit (33;50) aroxmd an axis (32) placed at ^distance froi^jt^n relation to 
the working machine; measuring against the position detector unit wh^^takes 
up detemiinable angular positions around the axis in relation to the working 
machine. 



l^Method according to Claim 14, characterized by rotatable mounting of at least 
one controllable optical xmit (26-28^3) on the^\yorking machine; alignment of 



theciptical imit to the stationary meas^frin^^tion wdth the help o^^^^Jthe 
measuring beam of the stationary syttiom^^a^eam parallel witi^ this(t jeam or a 
beam transn^tted from the opticafomiymd reflected in a prism on the stationary 
station; indication of the orientation of the optical imit in relation to the working 
machine; calculation for determining of the orientation of the working machine 
in the fixed coordinate system. 

t^. Method according to ^y of Claims characterized in that the 

instantaneous measuring of both position and orientation is performed with the 
help of at least oneyradio navigation antenna (50,51) with receiver. 

20: Method according to my - of Claim s-t^^tS, characterized in that the 



-A 



instantaneous measuring of both position and orientation is performed with the 
help of a fifeodesic instrument (1 ;!') with target-seeking fimction, placed at a 
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/ 

distance from the working machine (3) and measuring against at least one target, 
e.g.^ reflector, on the working machine. 



^^^^jj^^J^Method according to Claim 20, characterized by direction-indication for the 
geodesic instrument as to the target towards wh ich ^ts instantaneous target- 
seeking is to be performed for measuring againsji tibistarget. 




22<^Method according to imy- ^f^}^}^^ chlaracterized by storing of a map 

/ 

with desired topography of a region which^ to be processed in a calculating 
device, and calculating of data for the working part and presentation thereof as 
position and angular positions relative to the map, on a presentation \mit (9) 
(Fig.8). 

^^^S^Method according to ^y of the p^ovious - claim s, characterized in that the 

position and orientation determination/i3 performed partly with a relatively slow 
determination in order to measure, ^t4^e intervals, the actual position ^ bd/qr \^ 
the orientation of the machiney4i<Lp^ly with a relatively fast determination 
(ACCl, ACC2,6), which reacts io position jan^OT^orientation differences relative 
to earlier determination(s) in order to calculate and update the determination 
between the said time intervals. 



4. Method according to jClaim 23, characterized by, at the relatively fast 
determination: 

acceleration-measuring in at least one direction, preferably in several mutually 
different directions; 

integration of the indicated acceleration(s); and 

updating of th^ latest calculation result of the position and/or the orientation in the 
fixed coordinate system. 




/ 



1^ 
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25. Method according to Claim 23, characterized in ^at the relatively fast ' 
detennination, at least one rotation-indlcation is^4nned for rotation around at 
least one axis of the machine. 

^ 5 26 Method according to^SSai::^^ 

help Of e^lier calculation results. o./r6^able position, orientation, working 
d^ecUon and speed a certain tin.e in a/^fo/the working part of the working 

machine. // ^/ ^ 





